INTRODUCTION
Hexane used industrially is, in reality, a mixture of volatile hydrocarbons. In oilextraction plants the determination of this residual hexane in extraction meals is important in order to monitor the manufacturing process. It is obligatory, in many countries, to monitor the conformity of meals with the legislation on transportation, due to potential dangers resulting from the presence in the meals of an inflammable solvent which, with air, may form explosive mixtures.
The collaborative study on the determination of residual hexane in extracted meals showed that the re-humidification of the meal increased significantly the hexane released during the heating of the meal.
Consequently it is necessary to distinguish between total hexane and the hexane, referred to as "free hexane", releasable from the meal without re-humidification.
COLLABORATIVE STUDIES AND RESULTS

Determination of total hexane content
The method studied was derived from the H.P. Dupuy procedure (1, 2) . It involves the complete desorption of hexane by heating at 110°C the moistened meal in a closed flask and the "total residual hexane" is then determined in the headspace by GLC using a capillary or packed column.
The technique consists of introducing the sample into a glass vial, with the addition of an amount of water equivalent to 5O by weight of the sample, and crimp-sealing the vial with a septum. After heating the vial at 110°C for 90 mm. the headspace is analysed by GLC.
Two international collaborative studies have been organised successively, in 1982 and 1983. The study in 1982 involved 12 participants who analysed three samples:
The soyabean and sunflowerseed meals contained less than 500 ppm hexane, the limit usually fixed by legislation on transportation. The rapeseed meal prepared in the experimental workshop of ITERG at Bordeaux-Pessac had a residual hexane content well above this limit. The statistical evaluation of the results from this first study is given in TABLE I.
The study in 1983 involved 15 participants and three samples were analysed for their solvent content:
-soyabean meal -rapeseed meal and -the same rapeseed meal homogenised in the laboratory
The results of this second study are given in TABLE II. The statistical analysis was carried out in accordance with ISO 5725 and is given in the TABLE included in the text of the method 1.171 Determination of total hexane content in extraction meals.
It was found that the homogenisation of the sample in the laboratory does not improve the reproducibility significantly. If the statistical analysis of results for this second collaborative study is limited to 9 laboratories which participated in the collaborative studies in 1982 and 1983, the variation coefficients of reproducibility are as follows:
-soyabean
18%
-rapeseed
20%
Determination of total hexane content in extraction meals 1409 It can therefore be concluded that the poor reproducibility of the method derives more from the difficulty of procedure than the unavoidable heterogeneity of samples. As the residual hexane amounts required to be determined are low (generally about 0.05 -O.l?), the reproducibility appeared to be adequate for adoption of the method given below.
During the collaborative study in 1983, 5 operators compared the proposed method with the EX3F method (3) (determination of hexane by GLC headspace obtained from meal which had not been remoistened.) They obtained the results given as indicated in The comparison of mean values shows that the meal re-humidification increases significantly the content in hexane released during the heating of the meal. It is therefore necessary to distinguish between total hexane (as determined by the method studied in 1982 and 1983 and adopted by the Commission on Oils, Fats and Derivatives) and hexane, referred to as "free" hexane, releasable from meal without re-humidification.
Consequently, the Commission decided (in 1984) to extend the study of the total hexane determination to that of the determination of the "free" hexane.
Determination of 'free' hexane content
The method studied was derived from the £GF procedure (3) . It involves the desorption of hexane by heating at 80°C in a closed vial, after the addition of an internal standard, and the free" hexane is then determined in the headspace by GLC using a packed or capillary column.
The international collaborative study was organised in 1984, the study involving 13 participants who analysed 3 samples: The results and the statistical evaluation of this analysis determined in accordance with ISO 5725 are given, respectively, in TABLE IV and in the TABLE included with the text of the method 1.172 Determination of "free" hexane content in extraction meals which follows this report. The reproducibility appeared adequate for the adoption of the method. The comparison of mean values given in TABLE V shows that "free" hexane is always lower than total hexane. The divergence is more significant as the moisture of the meal is lower. The determination of "free" hexane is only significant for a given percentage of moisture in the sample. This method is, consequently, more a routine method than a reference method.
CONCLUSION
On the basis of the results the Commission decided to adopt the method for "free" hexane. As indicated above, the method for total hexane was adopted by the Commission in 1983. The texts of both standardised procedures are given in the following pages. 4.6 Gas syringe, graduated, 1 ml, preferably with valve.
4.7 Gas chranatograph with flame ionisation detector and integrator and/or recorder.
If a capillary column is used, the apparatus shall be equipped with a 1/100 split injectcr.
4.8 Glass capillary column suitable for gas chranatogra*i (4.7), approximately 30 m long and 0.3 nun internal diameter, coated with methylpolysilsoxane (Note 2) (film thickness 0.2 jin) or, failing this, a pecked column approximately 1.7 m long pecked with 150 -180 jin diatanaceous support acid-washed (Note 3) and coated with methylpoly-siloxane (Note 2). 4.9 Electric oven regulated at 110°C. 
REAGENTS
5.1 TecI-inical hexane or a light petroleum with a composition similar to that used in industrial extraction, or failing these, n-hexane.
Carrier gas:
hydrogen, nitrogen or helium, tloroughly dried and containing less than 10 mg/kg of oxygen.
5.3
Auxiliary gases: hydrogen, 99.9% xire, containing IX) organic imprities.
air containing no organic impirities.
6.
SAMPLING AND SAMPLE STORAGE
It is essential that loss of solvent fran the sample be prevented. TFe laboratory sample shall be in a ccunpletely sealed container (preferably in a crimped metal box) and shall be stored at -20°C or belai, for example in a deep-freezer.
Plastic containers shall not be used. TFe determination of residual hydrocarbons shall be carried out as soon as the container -kept at + 4°C for 24 h before opening -has been opened. Cover with a foil (4.3). Crimp with pliers (4.4). Place the vial in the oven (4.9) at 110°C for 15 mm.
Warm the gas syringe (4.6) to 60°C.
Resvve the vial fran the oven and leave to cool for 2 mm. By means of the warmed gas syringe (4.6), take exactly 0.5 ml of the teadspece and inject immediately into the chranatograti (4.7), with the injection and detection temperatures of the chranatogra*i (4.7) set at 120°C, the oven temperature set at 40°C and the carrier gas pressure at 0.3 bar.
Determine the peak areas obtained for the solvent. Repeat this operation for different quantities of solvents (5.1) (Note 5). Determine the peak areas for the solvent in each case.
Plot the calibration curve expressing the relation between the solvent peak areas and the mass of solvent introduced into the vials (Note 6).
Test portion analysis
Weigh rapidly, to within 0.1 g, 5 g of the laboratory sample into a vial (4.1). dd 2.5 ml of distilled water. Seal the vial with the septum (4.2). Cover with foil (4.3).
Crimp with pliers (4.4).
Place the vial in the oven (4.9) at 110°C for exactly 90 mmn. (Note 7).
Remove the vial f ran the oven. Leave to cool for 2 mm.
Agitate bj inverting. By means of the heated gas syringe, take exactly 0.5 ml of the headspace and inject inunediately into the chranatograph (4.7), with the injection and detection temperatures set at 120°C, the oven temperature set at 40°C and the carrier gas (5.2) pressure at 0.3 bar. Determine the sum of the peak areas of hexane and various hydrocarbons which usually make up the technical solvents (Note 8). Determine f ran the calibration curve the corresponding quantity, rn,1, of solvents present in the vial.
Nmiber of determinations
Carry out two determinations in rapid succession. 
Repeatability
WI-en the mean of the duplicate determinations lies within the range of the mean values cited in the TABLE the difference between the results of the two determinations, carried out in rapid succession ty the same operator, using the same apparatus for the analysis Determination of total hexane content in extraction meals 1413 of t]e same test sample, slould not be greater than tbe repeatability value (r), which can be deduced fran tbe Tiese septa often have a very high mechanical resistance. It is therefore preferable to perforate them with a pin before taking the sample f ran the headspace and using this perforation so that the syringe needle is rot damaged on insertion.
Re-use of the septa is not recomended. 2. SE 30 is suitable. 3. Chranosorb WAW is suitable.
4.
This velume is determined ty the fact that the test portion (5 g) hydrated with water (2.5 ml) will occupy a volume of 6 ml. It may be assiined that 1 p1 of solvent introduced into the vials has a mass of 670 pg in the case of technical hexane, and 659 pg in the case of n-hexane. It is important to leave the vials in the oven for the same length of time for each sample. Do not incline peaks due to oxidation products. Sane of these products may be present in significant amounts. 3.
APPENDIX
PRINCIPLE
tsorption of volatile hydrocarbons by heating at 80°C in a closed vessel after addition of an internal standard. After calibration, determination of these hydrocarbons in the headspace by gas chranatography using packed or capillary columns. Expression of the results as hexane. 4.6 Gas syringe, graduated, 1 ml, preferably with valve.
4.7 Gas chranatograph with flame ionisation detector and integrator and/or recorder. If a capillary column is used, the apparatus shall be equipped with a 1/100 split injector system. 4.9 Heating bath fitted with a rack to held the sealed vials. T1 bath si-ould be thermostatically controlled at a temperature of 80°C. For continumus use, glycerine is recommended as the heating liquid.
5.
REAGENTS
5.1 Technical hexane or a light petroleum with a composition similar to that used in industrial extraction, or failing these, n-hexane.
5.2 n-Heptane, analyt:ical reagent quality (Note 4).
5.3 Cyclohexane, analytical reagent quality (Note 4).
Carrier gas:
Hydrogen, nitrogen or helium tloroughly dried and containing less than 10 mg/kg of oxygen.
Auxiliary gases:
Hydrogen, 99.9% pare containing no organic imprities.
Air containing no organic impirities. Allai the sample vials to stand at room temperature for 24 lours (Note 8).
Then, add 5 p1 of a n-heptane (5.2) or cyclohexane (5.3), as an internal standard, to each sample vial, making the addition with the syringe (4.5) through the septum. At 15 minutes intervals, place one of the sample vials in the heating bath, the heating medium coming up to the neck of each vial, and heat at 80°C for exactly 60 minutes.
Warm the gas-tight syringe (4.6) to 60°C. Witbout removing the vial f ran the heating bath, with1raw about 1 ml of the gaseous phase f ran the headspace through the septum with the heated gas syringe.
Inject the sample immediately into the chranatograth (4.7) with the injection and detection temperatures set at 120°C, the oven temperature set at 40°C, and the carrier gas (5.4) pressure at 0.3 bar (Note 9).
For each of the 4 vials, containing added technical hexane (5.1), a calibration factor, F, may be determined by the formula: C.
F= s C. (AH-AB-Ai)
where:
AB is the peak area of the hydrocarbons present in the oil-seed residue, to which technical hexane has not been added, ie. in the oil-seed residus present in the 5th vial less the peak area of the internal standard (Note 10).
is the total peak area of the hydrocarbons incltxling internal standard present in the oil-seed residue of the vial (Note 10).
is the peak area corresponding to the internal standard.
C is the concentration of internal standard expressed in milligrams per kilogram of oil-seed residue. For an addition of 5 pg to 5 g sample, C. = 680 for n- It is given by the folladng Witbout removing the vial fran the heating bath, with3raw about 1 ml of the gaseous ase fran the headspace through the septum with the heated gas syringe. Inject the sample ininediately into the chranatogra (4.7) with the injection and detection temperatures set at 120°C, the oven temperature set at 40°C and the carrier gas (5.4) pressure at 0.3 bar.
Determine the total peak area due to hydrocarbons (inclining the peak area of the internal standard) and the peak area due to the internal standard.
Number of determinations
Carry out two determinations in rapid succession.
8.
EXPRESSION OF RESULTS
'Ie free hexane content expressed in mg/kg (ppn) is given by the formula:
(A_A) .F.C where:
AH is the total peak area due to hydrocarbons (inclining the peak area of internal standard). (Note 10). is the peak area due to the internal standard. is the concentration of the internal standard expressed in milligrams per kilogram of oil-seed residue.
6. ¶I meal used for the calibration slould be of a similar nature as the sample. A meal can be used to determine the calibration factor if it contains only small amounts of extraction solvent (less than 0.01%). If it contains a greater amount of solvent, this sbould be reduced bj leaving the meal in thin layers in the open f or sane lours in air.
7.
WIen a sample to be tested has a high "hexane" content, the quantity of technical hexane added to vials 3 ar 4 must be sufficiently high so that the levels of hexane contained in the meal of these vials corresponds to the high level of solvent expected in the sample.
8. In the case of slx)rter contact times, it cannot be certainthat the extraction solvent is absorbed cc*npletely tr the residue and that the absorption-desorption equilibrium of the extraction solvent between meal and air has been attained.
9. For routine analyses, an autanatic sampler may be used.
10. Hydrocarbons which usually make up the technical solvents are: 2-methylpentane, 3-methylpentane, methylcyclopentane, cyclohexane, etc., A typical chranatogram of these solvents is represented bj Figure 1 . Do not inclode peaks due to the oxidation products. Sane of these products may be present in significant amounts. 
